A bacterial strain, PS4040, capable of degrading polycyclic aromatic hydrocarbons for use as the sole carbon source was isolated from oily-sludge-contaminated soil. The 16S rRNA gene showed 98.8% homology to that of Leclercia adecarboxylata. Comparative molecular typing with the clinical strain of L. adecarboxylata revealed that there were few comigrating and few distinct amplimers among them.
Metabolic diversity of bacterial flora is a well-established phenomenon, and a consequence of this diversity is the degradation of various biohazardous or persistent anthropogenic compounds by microbial activities. Among these recalcitrant compounds, polycyclic aromatic hydrocarbons (PAHs) represent a unique class of petroleum hydrocarbons due to their pyrogenic nature and the complexity of the assemblages in which they occur (9) . Although many genera of microorganisms have the ability to degrade these recalcitrant compounds and use them as a source of carbon or energy, such phenomena are not commonly encountered in enteric bacteria (3) .
The enteric bacteria in the family Enterobacteriaceae are mainly regarded as inhabitants of animal guts (3) . The ability of this group to degrade high-molecular-weight PAH compounds appears to be an unusual feature, as this phenomenon has been associated with typical soil bacteria. However, very few reports have indicated utilization of aromatic compounds by enterobacteria, particularly those of the genera Klebsiella, Enterobacter, Escherichia, and Hafnia (3, 5, 7) . Although there are several reports of bioremediation of high-molecular-weight PAHs, research pertaining to biodegradation of these substances by enteric bacteria has been relatively rare (3, 9) .
In this article we report the isolation of an enteric bacterial strain, PS4040, which can degrade the high-molecular-weight, four-benzene-ring PAH pyrene for use as a sole source of carbon. Phenotypic profiling and sequence analysis identified the strain as Leclercia adecarboxylata. We report for the first time the degradation of PAHs by L. adecarboxylata.
Source, enrichment, and isolation of bacteria. PAH-degrading bacterial strains were isolated from subsurface soil collected from an oily-sludge storage pit at the Digboi oil refinery, situated in the northeastern region of India (27°15ЈN, 98°15ЈE). The site has a history of petroleum hydrocarbon contamination of over 100 years. A defined mineral salt medium (MSM) (11) was used for isolation and enrichment of PAH-degrading bacteria. An oily-sludge-contaminated soil sample (10 g) was used to inoculate 200 ml of MSM containing pyrene (200 mg/liter), and the culture was incubated at 30°C on a rotary shaker (200 rpm) for 7 days. After 10 such cycles of enrichment, 1 ml of the culture was diluted 10 8 -fold and the diluted culture was plated on MSM agar containing pyrene (200 mg/liter). The nine bacterial colonies that gave a zone of clearance on pyrene-coated MSM agar plates were further purified on MSM agar with pyrene as the carbon and energy source.
Sequencing of 16S rRNA gene and phylogenetic analysis. Sequencing of the full-length 16S rRNA genes of the nine PAH-degrading bacterial isolates was done as described previously (2) . Alignment of the 16S rRNA gene sequences of these isolates with sequences obtained by doing a BLAST search of the National Center for Biotechnology Information (NCBI), Ribosomal Database Project (RDP), and Microseq (Microseq Analysis software version 1.40, Microseq 16S rRNA Sequence Database version 1.01; PE Applied Biosystems, Inc.) databases revealed up to 98 or 99% similarity to different bacterial species. The highest degree of identity was shown by strain PS4040; it was revealed to be 98.8% identical to L. adecarboxylata in a BLAST search. The 16S rRNA gene sequence of isolate PS4040 differs by only 1.2% from the most closely related sequence, that of L. adecarboxylata, when examined with the RDP SIMILARITY_RANK program (12) . A phylogenetic tree, constructed by using the TREEVIEW program (15) , illustrates the phylogenetic relatedness of strain PS4040 to the selected Enterobacteriaceae strains obtained from GenBank (NCBI) and RDP ( Fig. 1) . For further validation of the tree, the sequences were aligned using CLUSTALW (19) and the alignments were analyzed using PAUP, version 3.0 (16), and neighbor-joining (SEQBOOT) programs obtained from the PHYLIP package (4). The results supported the positioning of strain PS4040 in the phylogenetic tree over the alternative positions in a majority of the bootstrap resamplings, indicating a distinct lineage within the Enterobacteriaceae.
Degradation of PAH compounds by strain PS4040 under aerobic conditions. Growth of the selected bacterial strain PS4040 was verified by demonstrating an increase in bacterial cell protein concentration concomitant with a decrease in the PAH concentration. Strain PS4040 was grown in batch cultures in 500-ml flasks containing 200 ml of MSM supplemented with pyrene (200 mg/liter) as the sole carbon source. The flasks were inoculated with 5% (vol/vol) inoculum (10 8 CFU/ml) and were incubated at 30°C in the dark on a rotary shaker (200 rpm) for 20 days. At specific intervals, one flask was taken out and 1 ml of culture was withdrawn for protein estimation by the protocol described by Itzaaki and Gill (8) . The residual pyrene from the same culture flask was extracted first with an equal volume of toluene and then twice with an equal volume of chloroform. Evaporation of solvents was done under a gentle nitrogen stream in a fume hood. The residual pyrene was dissolved in 5 ml of acetone, and 1 l of the resultant solution was analyzed by gas chromatography (GC; Hewlett-Packard 5890 series II gas chromatograph fitted with flame ionization detectors and a 30-m-long DB 5.625 column [internal diameter, 0.25 m; film thickness, 0.25 m]). The concentration of pyrene in the culture decreased from 200 to 77 mg/liter, indicating 61.5% degradation of pyrene by strain PS4040, in 20 days (Fig. 2) . The bacterial cell protein concentration increased from 0.4 g/ml at the time of inoculation to a maximum of 10.3 g/ml at day 15. There was no disappearance of pyrene in the uninoculated control flasks (Fig. 2) . Strain PS4040 was also examined for its ability to degrade naphthalene, catechol, anthracene, fluorene, and fluoranthene when used separately as a sole source of carbon under conditions similar to those described above. GC analysis revealed 73.2, 53.1, 40.6, and 47.6% degradation of catechol, naphthalene, fluorene, and fluoranthene, respectively, by strain PS4040 in 20 days, while anthracene did not support growth (data not shown).
Extensive research pertaining to the degradation of PAHs has resulted in documentation of a diverse microflora that can either mineralize PAHs or use them as a sole source of carbon and energy (6, 9, 22) . The ability of an enteric bacterium to degrade high-molecular-weight PAH compounds appears to be an uncommon finding, as there have been no reports indicating the ability of any enteric bacterial strain to degrade high-molecular-weight PAHs such as pyrene.
L. adecarboxylata strains have been reported to cause a few pathogenic manifestations in humans (1, 17, 18, 24) and to have mercury resistance genes (13), but there have been no reports indicating that this bacterium is capable of degrading PAHs. As discussed by Diaz et al. (3), upon analyzing the ecology of enteric bacteria it can be seen that an enteric bacterium may easily encounter aromatic compounds. Although PAH compounds may not be expected to be normal substrates for enteric bacteria, there is evidence that competition for nutrients results in selection of substrates and shifts in nutrient preference (20) . Manonmani et al. (14) also reported a role for substrate concentration in adaptation of, and acquisition of degradative ability by, bacterial flora. Since strain PS4040 was isolated from a site with a contamination history of over 100 years, organic pollutants can be postulated to have exerted effects leading to adaptation of this strain to utilize specific recalcitrant compounds as sources of carbon or energy.
Comparison of strain PS4040 with a clinical strain of L. adecarboxylata by phenotypic tests and molecular typing. Isolate PS4040 is a short, rod-shaped, motile, gram-negative bacterium. It produces yellowish, circular (2-mm-diameter), convex colonies that have an odor similar to that of Escherichia coli when grown on Luria-Bertani (LB) agar plates for 18 h. The substrate utilization pattern generated on Biolog GN2 plates (10) (Biolog Inc., Hayward, Calif.) identified strain PS4040 as L. adecarboxylata. Biolog tests were done for a clinical strain of L. adecarboxylata (a kind gift from Mario Vaneechoutte, Ghent University Hospital, Ghent, Belgium). Resistance to antibiotics was determined by growing the isolate in LB broth containing different concentration of antibiotics (5 to 40 g/ ml). A comparative representation of the substrate utilization pattern and antibiotic profile is shown in Table 1 .
Molecular typing of strain PS4040 was done so that a wholegenome comparison with the clinical strain of L. adecarboxylata could be performed using tRNA intergenic spacer length poly- on September 7, 2017 by guest http://aem.asm.org/ tinct amplimers were observed for both strains. This indicated a specific strain-level genomic difference between these two strains, as discussed previously in several reports (2, 21) . In summary, an enteric bacterium, L. adecarboxylata, with the rare ability to degrade PAHs as a sole source of carbon and energy was isolated, identified, and characterized. It is genotypically different from a clinical strain of L. adecarboxylata. Although isolated from a pyrene-enriched culture, it can degrade other two-and three-benzene-ring PAH compounds. This study provides new insights into the degradation of PAH compounds by enteric bacteria and demonstrates a need for further biochemical and genetic studies of PAH metabolism and transformation
Nucleotide sequence accession number. The 16S rRNA gene sequence of strain PS4040 has been deposited in the GenBank database under accession number AY451327.
